ABSTRACT -The objective of this study was to evaluate the sugarcane silage in relation to chemical composition, pH, total losses, aerobic stability, in vitro digestibility of dry matter (IVDDM) and effective degradability (ED) of bovine and buffaloes under the following treatments (on a dry matter (DM) basis): sugarcane silage control (control), with addition of 3.3% urea; with addition of Lactobacillus buchneri (inoculate); with inoculate + 3.3% urea; with inoculate + 25.0% soybean hull, and with inoculate + 25.0% cassava byproduct meal. The experiment was analyzed through a completely randomized design with three replications, and for DM ED, a double 4 × 4 Latin square with a 4 × 2 factorial arrangement was used. The sugarcane variety was the RB-855156 (precocious). The urea increased the protein level and reduced neutral and acid detergent fiber and lignin fractions. Treatments with inoculate + cassava byproduct and inoculate + soybean hull increased DM levels. Bovines presented higher IVDDM than buffaloes. pH values varied from 3.1 to 4.0. Mean total losses observed were 7.8%. Treatments with inoculate + cassava and inoculate + soybean hulls resulted in larger aerobic stability with 61 and 81 hours, respectively, in relation to silages control (24 h) and control with 3.3% urea (33 h). A higher DM ED was verified for silages with inoculate + control and inoculate + soybean hulls at 2%/h passage rates and higher neutral detergent fiber ED for the treatment of control + inoculate + soybean hulls at 2 and 5%/h. Silages treated with urea, L. buchneri or agricultural byproduct plus inoculate presented better quality pattern.
Introduction
Cattle rearing in Brazil is traditionally performed with pastures as food source for bovines, which is a practical and economical way. During the dry season, in which the forage production is qualitatively and quantitatively insufficient, the sugar cane becomes an alternative as a roughage supplement (Fernandes et al., 2003) . Due to its high production, sugar cane is outstanding among the forage grasses -with production varying from 60 to 120 fresh integral tons/ha -in addition to its ability to maintain the energy potential during the dry season (Thiago & Vieira, 2006) .
The sugar cane ensilage results in the organizational facility and in the reduction of the labor due to the concentration of the activities and to the time of the best nutritional value of the forage (Nussio & Schmidt, 2004; Siqueira et al., 2010) . However, the sugar cane ensilage causes alcoholic fermentation due to high levels of soluble carbohydrates, since the biochemical fermentation pathway of the yeast forms two molecules of ethanol from one molecule of glucose (McDonald et al., 1991) .
The major problem in the sugar cane ensilage process is due to the loss fermentation processes. Thus, the use of additives is essential for inhibiting the proliferation of the fungi, yeast and ethanol production. Several additives, such as the heterofermentative lactic acid bacteriumLactobacillus buchneri and/or chemical additives have been studied for reduction of these losses (Mendes et al., 2008; Ribeiro et al., 2010) .
The sugar cane shows limitation with regard to the nutritional aspect, since it presents low levels of crude protein; however, the addition of urea may mitigate this nutritive deficiency. Moreover, the addition of sources of carbohydrates such as soybean hulls and cassava byproduct may reduce the production of the effluents and increase the silage nutritive value.
In this way, the objective of the present study was the evaluation of the associative effect of microbial and nutritional R. Bras. Zootec., v.40, n.12, p. [2866] [2867] [2868] [2869] [2870] [2871] [2872] [2873] [2874] [2875] [2876] [2877] 2011 additives upon the chemical composition, in vitro digestibility of DM, pH, aerobic stability and in situ degradability of DM, and NDF of sugar cane silages.
Material and Methods
The experiment was developed at the Fazenda Experimental de Iguatemi (FEI) (Experimental Farm of Iguatemi) and the chemical analyses were processed at the Laboratório de Análises de Alimentos e Nutrição Animal (Laboratory of Analyses of Food and Animal Nutrition), which belong to the Departamento de Zootecnia of the Universidade Estadual de Maringá, Parana state, Brazil.
The harvest and ensilage of the sugar cane was carried from 10 to 13 of July 2005. The variety of sugar cane used was RB 855156 (precocious), harvested in the 11 th monthfirst cut -with estimated production of 94 tons/ha of fresh forage, mean value of 17.9º Brix, and supplied by COOPERVAL -Cooperativa Agroindustrial Vale do Ivaí Ltda (Ivaí Valley Agroindustrial Cooperative Ltd), in the municipality of Jandaia do Sul, Parana State, Brazil, and was transported to FEI for the silage confections.
For the evaluations of pH, total losses, aerobic stability, and in vitro digestibility of dry matter (DM) with ruminal liquid from bovine and buffaloes, the silages were confectioned in laboratorial silos made of PVC (50 cm high and with diameter of 20 cm).
For each treatment presented next, three silos were used as repetitions: a) Silage of sugar cane (control); b) Silage of sugar cane with addition of urea; c) Silage of sugar cane with addition of bacterial inoculate; d) Silage of sugar cane with addition of bacterial inoculate and urea; e) Silage of sugar cane with addition of bacterial inoculate and cassava byproduct; f) Silage of sugar cane with addition of bacterial inoculate and soybean hulls.
For the evaluation of the DM and NDF ruminal degradability and for the assay of total and partial digestibility carried concomitantly,approximately 7,000 kg of silage of sugar cane (control); control + inoculate + cassava byproduct; control + inoculate + soybean hulls and control + inoculate + urea were confectioned in trench silos (Table 1) .
The additives were applied to chopped sugar cane before filling the silos, distributing the mass uniformly. The bacterial inoculate containing heterolactic bacteria (Lactobacillus buchneri) NCIMB 40788, dose of 5 × 1 0 4 u f c / g was administered as aqueous solution using manual pulverizer with distilled water according to the manufacturer's guidelines.
The urea (33 g/kg DM) was used as granules containing 45% of nitrogen, applied manually and in bulks on the chopped forage during the silo filling to improve the protein level and activity of microorganisms and also the cell wall of the silage (Lima et al., 2002; Molina et al., 2002) .
The soybean hulls, presenting a high level of digestible fiber and high level of pectin, and the cassava byproduct, with high level of starch, were homogenized to the chopped sugar cane in the proportion of 250 g/kg DM (Freitas et al., 2006) .
The sugar cane without removal of straws was processed in a forage stationary chopper adjusted for cuts with mean sizes of 10 mm. At the laboratorial silos, the ensilage was carried out compacting 5-10 cm layer of sugar cane with wood stake to reach the maximum compaction. Approximately 10 kg of forages were ensiled in laboratorial silos made of PVC resulting in a specific mass of 600 kg/m 3 . After filling, silos were covered with double plastic canvas, 1 SC = sugar cane; CPM = cassava byproduct meal; SH = soybean hulls; SCSI = sugar cane silage + inoculate; SCSIC = SCSI + cassava by product meal; SCSIS = SCSI + soybean hulls; SCSIU = SCSI + urea. 2 NDIN = neutral detergent insoluble nitrogen; ADIN = acid detergent insoluble nitrogen (% total N). Table 1 -Chemical composition of feeds and enriched silages produced in trench silos (g/kg DM) 1 sealed with self-adhesive plastic tape to avoid the entrance of air, for further weighing and storing.
In the trench silos without covering, the soil was covered with bagasse and the laterals, with plastic canvas. The application of additives was done directly on the chopped sugar cane, compacting it with a tractor. After the silo filling, it was covered with plastic canvas protected with bagasse.
To evaluate the in vitro digestibility of the DM (IVDDM) of the silage confectioned in laboratorial silos, ruminal liquid of a crossbreed bubaline and a Holland bovine cannulated was used in the rumen with body weight of 340 and 420 kg, respectively. They were fed silage of sugar cane with addition of bacterial inoculate and cassava byproduct roughage and concentrate based on soybean meal and ground corn in the proportion of 50:50% roughage:concentrate.
To evaluate the ruminal degradability of DM and NDF of the sugar cane silages (control + inoculate; control + inoculate + cassava byproduct; control + inoculate+ soybean hull and control + inoculate + urea), four male castrated Holland bovines and four male castrated crossbred bubaline, with mean body weight of 492±10 kg, and 403±49 kg, respectively, (all fistulated in the rumen) were used. The diet was comprised of ground corn, soybean meal, and sugar cane silage in a relation of 60:40 roughage:concentrate. The diets were balanced to be isonitrogenous and isoenergetic (12% of CP and 69% of TDN) according to the NRC (1996) , and offered ad libitum. Animals were adapted to the diets during 10 days and placed in individual stalls covered with troughs (to eat and to drink).
After 110 days, the laboratorial silos were weighted and opened for sampling and each silage sample was comprised of three subsamples taken from the central part of each silo ( Table 2) .
The samples for the pH determination were placed in plastic bags and stored (-10 °C) for further analysis. Samples were defrosted and the pH was measured in the moment right after the extraction of the juice with hydraulic press, using a digital potentiometer.
For evaluation of total losses, the laboratorial silos were weighted empty, after the filling, and at the end of the ensilage period (Jobim et al, 2007) .
The aerobic stability of the silages (expressed in hours) was evaluated through the temperature control of the silage exposed to the air, according to the adapted method of Kung Jr et al. (2000) . The silages of each treatment were kept in sheltered environment, without temperature control. The temperatures were measured three times along the day (09:00 AM, 01:00 PM, and 05:00 PM) using a thermometer (Gulterm ® ) positioned at the geometric center of the forage mass of each silo. The beginning of the deterioration when the temperature of the silages reached 2 °C above the room temperature was taken into consideration.
The IVDDM of the sugar cane silages was determined according to the one-stage methodology of Baumgardt et al. (1962) .
In addition to the test tubes containing the silage samples (six treatments), the control (white) and index forages were incubated to evaluate the effect of any interference that might happen during the incubation period. All the samples, control and forage were incubated in triplicate. A total of 162 incubations were done, containing samples of silage per animal [6 treatments × 3 repetitions (silo) × 3 days of sampling of the ruminal liquid × 3 tubes].
The degradability of the DM and NDF was estimated by the in situ technique of the nylon bag. Approximately 6 g of the samples dried in open air (20 mg MS/cm 2 ), with particle size of 5 mm, were placed in bags of mono-filament polyester, sealed by heat made in nylon (ANKON-BAR DIAMOND, INC., Parma Idaho -USA). The bags dimension was 10 × 20 cm, with pore diameter of 53 mm. Bags were weighted, then closed and attached in triplicate per sample/ times to a 600-g stainless steel cylindrical tank, hanged by a 60-cm nylon string to the ruminal fistula.
The incubation times were employed as zero, 6, 12, 18, 24, 48, 72, 96 , and 144 hours. Bags containing samples of silage of sugar cane with addition of inoculate, with inoculate + cassava, inoculate + soybean hulls and with inoculate + urea were incubated in the animals in two Latin squares (4 bovines and 4 buffaloes) that received the corresponding treatment.
After the removal, bags were washed in running water and washing machine in 5 cycles per minute. The bags with the samples of the time zero hour were placed in water bath at 39 o C during 30 minutes, and then washed.
After the washing, bags were submitted to drying in forced ventilation oven at 55 o C during 72 hours and ground in ball mill for 10 second at most. The percentages of DM and NDF disappearances, in function to the time of incubation, were calculated through the proportion of food that remained in the bags after the ruminal incubation.
The degradation profile of DM was interpreted through the model described by Mehrez & Orskov (1977) : p = a + b (1 -e -ct ), where: p = degraded fraction of DM at incubation time t (g/100 g); a = soluble fraction of DM (g/100 g); b = insoluble but potentially degradable fraction of DM (g/100 g); c = fractional degradation rate of fraction b (/h); and t = incubation time.
Parameter estimates of NDF degradation were determined from the model proposed by Van Milgen et al. (1991) : R (t i )= U [ c exp (-pt i ) -p exp (-ct i )/c-p] + I + e i ; where: R (t i ), (g kg -1 DM) is the incubation residue, after a given time; t i (h); U, (g kg -1 DM) is equivalent insoluble but potentially degradable fraction non available for digestion until the end of the latency period, where, gradually, the ratio p (h -1 ) becomes available; the fraction U is available to be called A, the rate of digestion is described by c (h -1 ); and I (g kg -1 DM) represents the undegradable fraction, with no changes as a time function for microbial action, i.e., when t i −> ∞ ; is the error. When p tended to c, the rule of L'Hôpital was applied for obtainment of the equation described by Van Milgen et al (1991) : R (t i )= U (1 + λt i ) exp (-λt i ) + I + e i ; where λ represents degradation rate (h -1 ) when p tends to c.
The non-linear parameters (a, b, c, λ and p) were estimated through the iterative least-squares in SAS (1997) by the Marquard algorithm method.
The effective degradability (ED) of DM in the rumen was calculated through the equation described by Orskov & McDonald (1979) : Effective degradability = a + (b c/c + k) and ED of NDF were estimated using equations described by Vieira et al. (1997) :
And when p tended to c (Vieira et al., 1997): where: CFd = U/(U+I) × NDF p ; k = estimated rate of passage of the solids in the rumen; the other parameters were described in the previous equation.
The effective degradability of DM and NDF were estimated for each food, for which the rates of passage of the solids of 0.02/h and 0.05/h that are attributed, respectively, to the low and medium levels of food intake (AFRC, 1993) .
All the samples were dried in oven with artificial ventilation at 55 °C during 72 h and for the chemical analyses they were ground in knife mill with 1-mm sieve and stored in plastic flasks.
Contents of DM, Ash, ether extract (EE) and crude protein (CP) were determined according to AOAC (1980) cited in Silva & Queiroz (2002) . The determinations of the neutral detergent fiber (NDF) and acid detergent fiber (ADF) were performed according to ; from the residuals from the NDF and ADF, the neutral detergent insoluble nitrogen (NDIN), and the acid detergent insoluble nitrogen (ADIN) were analysed, according to Licitra et al. (1996) . The lignin was determined in the samples according to Van Soest & Wine (1968) and the silica according to Van Soest & Jones (1968) . For the quantification of the total carbohydrates (TC), the following equation was used: 100 -(% CP + % EE + % ashes) and the level of non-fibrous carbohydrates (NFC) was obtained by the difference between the levels of TC and NDF P, in which NDF P comprises the vegetal wall free of crude protein (Sniffen et al., 1992) . The levels of the samples of the foods and residuals of the bags from the in situ degradability assay were analysed through the fiber analyser equipment Ankon ® , using F57 (Ankon ® ) bags.
The experimental design used in the evaluation of the chemical compositions, IVDDM, pH, and total losses of the sugar cane silages of the laboratorial silos was completely randomized, with three repetitions per treatment (six treatments). With regard to the in situ degradability of DM, two 4 × 4 Latin squares and 4 × 2 factorial arrangement (four diets and two species) were used; one species in each Latin square. The statistic analyses of the studied variables were interpreted in the Sistema de Análises Estatísticas e Genéticas (SAEG) through the variance analyses (UFV, 1997), and the means were compared using the test of Tukey at 5% significance.
Results an Discussion
The addition of urea to the sugar cane silage without the bacterial inoculate elevated the protein level of the roughage and reduced the DM and the NDF, ADF, lignin, NDIN and ADIN levels (P<0.05). These results corroborate with Lima et al. (2002) , who reported that sugar cane silages treated with levels between 5 and 15 g/kg of urea would offer good pattern of fermentation and better chemical composition as higher levels of DM and lower levels of ADF and NDF in comparison with the sugar cane silage, exclusively. The use of urea in the sugar cane ensilage concentrated the DM level; however, there was increase in hemicellulose solubility (NDF minus ADF) in relation to control (Table 2) .
Nevertheless, the additions of L. buchneri and urea to the sugar cane silage reduced the level of DM and increased (P<0.05) the NDF and lignin fractions in relation to the addition of urea solely. Thus, it was observed that the associative effect reduced the quality of the sugar cane silage with urea. Moreover, in the in vivo digestibility assay carried in parallel to this study, there was reduction in the total digestibility of DM and nutrients to bovines and buffaloes fed on sugar cane silage and addition of L. buchneri and urea in relation to the control and the other treatments -with addition of inoculate + cassava byproduct and inoculate + soybean hulls (Maeda, 2007) . Greater ammonia and alcoholic odor in the silage was also observed with the addition of inoculate and urea, suggesting greater action of yeast population. Possibly, the ammonia formed by the action of urease on urea minimized the effect of L. buchneri in reducing population yeast.
Variations in the levels of NDF and ADF were noticed among the sugar cane silages in function of the additives employed. The addition of bacterial inoculate diminished the levels of NDF and ADF in relation to control, and the addition of cassava byproduct reflected in lower level of NDF (P<0.05) in relation to the silage with inoculate onlya result of lower levels of NDF and ADF in the cassava byproduct meal. On the other hand, when the soybean hull was added to the sugar cane silage, the levels of NDF (silage with inoculate + soybean hull) did not show difference in comparison with control and control + inoculate due to the high values of NDF of the residuals -705.0 g/kg (Table 1) . According to Rotz & Muck (1994) , the variations in the levels of NDF and ADF (% DM) in silages are dependent on the losses through respiration in relation to the amount of hydrolyzed cell wall or as consequence of the loss of other non-structural carbohydrate. Loss of soluble carbohydrates during fermentation and concentration of fibrous components are also observed in the ensiling process of sugar cane (Pedroso et al., 2005; Mendes et al., 2008) , which may also have occurred in this study.
The low concentration of lignin (P<0.05) in the sugar cane silages with urea and with byproducts (control with inoculate + soybean hulls and inoculate + cassava byproduct) is outstanding, besides the high levels of ADIN in the sugar cane silage (control) ( Table 1) .
No interaction of treatments or animal species (P>0.05) were observed for the in vitro digestibility of the DM (IVDDM) of the sugar cane silages treated with different additives; however, there was an effect (P<0.05) for the treatments and for the species (Table 3) .
Thus, regardless of the inoculate used in the rumen, of either bovine or bubaline, treatments with inoculate + cassava byproduct; inoculate + soybean hull; or with sole addition of urea did not present any difference and were superior (P<0.05) to the silages of sugar cane and with sole addition of L. buchneri. The addition of urea associated to the inoculate presented an intermediary value of IVDDM (449 g/kg), not differing from the other treatments. The results of in vitro digestibility corroborated, mostly, with the results regarding the in vivo digestibility in an assay carried concomitantly, since regardless of the animal species, there was higher value of total digestibility of DM for silage with inoculate + soybean hull (612 g/kg), followed by silage with inoculate only (558 g/kg) and inoculate + cassava byproduct (554 g/kg) that were superior (P<0.05) to the associative effect of the inoculate and the urea (501 g/kg) (Maeda, 2007) .
The increases of IVDDM found when adding the byproducts to the sugar cane silage with addition of L. buchneri are due to the nutritional value of the soybean hull -with the low level of lignin and NDF of high ruminal digestibility (Zambom et al., 2001 ) -and cassava byproduct meal -with high level of starch and low levels of NDF and ADF (Zeoula & Caldas Neto, 2001) . Moreover, the increase of the levels of DM combined with the effect of L. buchneri reduced the losses of soluble carbohydrate during the fermentation process, which may have taken a higher speed acidification, fastest pH fall, with consequent redutions in losses and the low concentration of lignin found in these treatments (44; 47 vs. 67 g/kg) may explain such results.
Similarly, Freitas et al. (2006) reported for the sugar cane silage treated with bacterial inoculate and sdium hydroxide plus residual of the soybean harvest, higher value of IVDDM (0.705 g/g) in relation to the non-addition of residual (0.587 g/g). However, the variety of sugar cane of intermediary production cycle (16 months) used by those authors and the defoliation carried for removing all the dried leaves at the moment of sugar cane ensiling probably had an influence in the higher level of IVDDM in relation to the values observed in the present study. Furthermore, according to Fernandes et al. (2003) , precocious varieties present higher levels of NDF, ADF, and lignin than the intermediary ones due to the rapid development of structures of sustentation that is represented by the polysaccharides of the vegetal cell wall.
The addition of urea in the ensilage increased (P<0.05) the nitrogenous level of the sugar cane silage with or without inoculate in relation to the control and was superior in IVDDM only for the silage with urea (without inoculate). The increase in the IVDDM was possible, probably because during the ensilage the urea, hydrolyzed by urease, it is transformed into NH 3 , which reacts with water to produce ammonium hydroxide (Sundstol & Coxworth , 1984 cited by Siqueira et al., 2007) , raising the concentration of NH 3 -N, providing better ammonium ruminal fermentation and resulting in more elevated digestibility. On the other hand, only the elevation in the N level reported in the treatment silage with inoculate + urea was not enough to increase the IVDDM, what demonstrated the negative effect, for this parameter, when associating L. buchneri with urea.
Bovines presented higher IVDDM (P<0.05) in relation to bubaline for all treatments (Table 3) . Such results may be related to the differences in the ruminal fauna and flora of these species. According to Franzolin & Franzolin (2000), bubaline presented higher concentrations of ruminal fibrolytic and ciliated bacteria of the subfamily Diplodiniinae and Epidinium--classified as large protozoans with cellulolytic and hemicellulolytic activity that were adhered to the solid stages of the digesta. Moreover, according to Wanapat et al. (2000) and Franzolin & Franzolin (2000) , bubaline presented lower concentration of holotric ciliated protozoan (corresponding to 250 g/kg of the total microbial mass) that ferments soluble carbohydrates and protein and are present in the liquid stage. Considering the in vitro methodology applied, which used only the liquid phase of the rumen with low concentration of microorganism, therefore with low metabolic activity (Czerkawski, 1986) , it resulted in an underestimation of IVDDM, specially for buffaloes.
Those suppositions regarding the underestimation of IVDDM for bubaline species were enhanced by the in vivo digestibility assay carried by Maeda (2007) , who did not observe difference in the total apparent digestibility of DM between bovine and bubaline (which presented the mean value of 0.558 g/g, which is close to the one reported for IVDDM in bovines (0.561 g/g) when evaluating the sugar cane silages inoculated with L. buchneri + agroindustrial residuals (cassava byproduct meal and soybean hull)) and urea in a 60:40% of roughage:concentrate ratio. The difference detected in the values of total digestibility of DM in the in vivo (0.558 g/g) and in vitro (0.398 g/g) assays for bubaline species signalize the need for correction of approximately 0.300 g/g in the IVDDM when using the ruminal liquid of buffalos fed on diets based on sugar cane.
The mean values of pH of the sugar cane silages with addition were low and varied from 3.1 to 4.0 (Table 3) . It is possible to observe that the lowest values of pH (P<0.05) were for silage with inoculate and inoculate + cassava byproduct, which did not differ from the silage without the addition, followed by the silage with inoculate + soybean hulls. The highest value of pH (P<0.05) was presented by the silage with inoculate + urea, followed by the one with urea only, which was already expected, since urea shows a buffering power. Neverheless, the pH was higher for treatment with inoculate + urea in relation to others that showed no difference in total DM losses and presented higher IVDDM than the other ones. This suggests the beneficial effect of nitrogen on digestibility and loss control (Table 3) . Sousa et al. (2008) observed that addition of urea in sugar cane silage showed, by a buffer effect, higher pH. The authors suggest that these results may explain, in part, the beneficial effects of nitrogen in controlling the production of ethanol, reducing losses of soluble carbohydrates and DM, and improving the IVDDM compared with the control silage.
Although the yeast growth is not damaged when the pH is between 3.5 and 6.5 and some species are able to survive in pH under 2.0 (McDonald et al., 1991) , according to Jobim & Gonçalves (2003) , a rapid pH drop (around 4.0), after fermentation, is important for avoiding the growth of the bacteria of the genus Clostridium and enterobacteria. However, a low final pH does not ensure the absence of the clostridia activity and the minimization of proteolysis. Sugar cane silage presents rapid decline of pH with values inferior to 4.0 on the third day of ensilage as observed by Pedroso et al. (2005) .
No effect of the addition of additives (P>0.05) on the total losses of DM (plant respiration, fermentation, gases, and effluents) of the silages were observed. Silages presented average 78 g/kg. Rotz & Muck (1994) , in a simulation model of losses during ensilage, foresaw total losses of 177 g/kg of DM for silages with production effluents. Such losses by effluents and gases are minor if considering the whole proof of confection use of the silage; the losses of major importance are related to the nutritive value of the forage. Still, Pedroso et al. (2007) also found similar values with chemical additives and microbial control of DM losses in the ensilage of sugar cane and found lower total DM losses with 10 and 15 g/kg urea (70.8) and with addition of L. buchneri (80.5) compared with sodium benzoate, calcium propionate, potassium sorbate and L. plantarum added to silage, and control (182.0). Losses observed in present study were reduced due to the pattern of fermentation in laboratory silos and also achieved high specific mass (600 kg/m 3 ).
According to Jobim et al. (2007) low values of specific mass leads to higher porosity and air infiltration, reduced aerobic stability thus reducing the nutritive value of silage; it is recommended that it be between 550 kg to 850 kg of green mass/m 3 . These losses may be, in most cases, underestimated in relation to the field situation due to greater control in the environment of the laboratory silo (Jobim et al., 2007) .
The aerobic stability of the treated sugar cane silages was evaluated and it was considered as the time (hours) needed to elevate the temperature of the silage mass in 2 °C in relation to the room temperature, which presented the mean of 18.4 °C and variation between 14 and 23 °C. The addition of the inoculate L. buchneri to the sugar cane silage increased the aerobic stability in 22 hours in relation to the control, 55 and 33 hours, respectively (Figures 1a and  1b) . The warming of the ensiled mass, according to Rotz & Muck (1994) , is due to the action of the yeasts and acidacetic bacteria (anaerobic microorganisms) that consume soluble components such as sugars and the product of fermentation, potentially increasing the temperature of the silages.
Recent studied have shown that the use of L. buchneri in the silages increases the aerobic stability by reducing the growth and survival of the yeasts during the anaerobic conservation stage and after in the aerobiosis (Driehuis et al., 2001; Pedroso, et al., 2008; Siqueira et al., 2010) . In the present study, the silage with inoculate solely confirmed the effect of L. buchneri -the increase in the anaerobic stability when compared with the control silage. Quite similar values were observed by Siqueira et al. (2007) for sugar cane silages (32 hours) and with L. buchneri (60 hours). According to Pedroso et al. (2008) the conversion of lactic acid into acetic acid by L.buchneri and the fungicide effect of acetic acid are probably the major reasons for stability improvement.
L. buchneri degrades under anaerobic conditions; lactic acid in acetic acid and 1,2-propanediol; the reduction of lactic acid represents a decrease of potentially fermentable substrate for yeast (Oude Elferink et al., 2001 ) and acid 1,2 -propanediol as a substrate for strains of Lactobacillus diolivorans sp. nov., transformed into 1-propanol and propionic acid (Krooneman et al., 2002) . According to Moon (1983) acetic acid in combination with propionic acid shows synergistic effect capable of reducing the growth of yeasts and fungi. The use of urea in the sugar cane ensilage reduced 27% of the aerobic stability in relation to the control, and inhibited the effect of L. buchneri, as observed in the silage with inoculate + urea, which presented the same stability as control: 33 hours. This inhibition was probably due to formation of ammonia inside the silo, because the ammonia presents inhibitory effect with microorganisms (Lopes & Evangelista, 2010) , which is already evident with yeast and may have reduced the growth of populations of heterofermentative lactic-acid bacteria, producing acetic and lactic acid. Pedroso et al. (2008) observed that the aerobic stability in sugar cane silage with addition of 10 g/kg of urea did not differ from the control silage. However, 15 g/kg of urea caused an increase of 11% in the aerobic stability.
Other factors may affect the aerobic stability, and according to McDonald et al. (1991) , such factors would be the variation of the levels of DM, residual soluble carbohydrates, and the concentrations of the acetic and butyric acids in silages. Besides, they stress that the aerobic stability decreased with the increase of the nutritive value of the silage as observed for treatment with urea with less aerobic stability and higher values of IVDDM and nitrogenous levels in relation to control. The urea is converted into ammonia by the urease enzyme, which in contact with water forms ammonium hydroxide, which acts to solubilize fibrous fractions in addition to increasing the concentration of NH 3 -N in the silage (Siqueira et al., 2007) and consequently improving in digestibility.
The associative effect of L. buchneri with agroindustrial residuals conferred to treatments silage with cassava byproduct and silage with inoculate + soybean hulls increases in the aerobic stability of four and 24 percentage points, respectively, in relation to the silage with inoculate only, thus demonstrating a positive effect. Hence, Schmidt (2006) evaluated the doses of heterolatic bacteria L. buchneri on the aerobic stability of sugar cane silages with and without addition of concentrated ingredients to silages and observed that the increase of DM, with addition of concentrate, substantially increased the aerobic stability from 14.4 to 96.0 hours (5 × 10 4 UFC/g fresh forage) and from 55.2 to 79.2 hours (1 × 10 5 UFC/g fresh forage). It is likely that the reduction in the water activity -due to the increase in the DM level -inhibited the microbial growth. Yeasts were more resistant to bacteria; they are inactivated when the water activity of the forage is less than 0.6 (McDonald et al., 1991) , a fact that may have occurred for the silage with cassava byproduct and the one with inoculate + soybean hulls due to their higher levels of DM. In a review, Jobim et al (2007) observed that the development of bacteria and fungi is limited to values above 0.78 and 0.90 water activities. The increase in DM content causes higher osmotic pressure, making the environment unfavorable to the development or metabolic activity of yeast (Van Soest, 1994) .
Interaction of the animal species and treatment (P<0.05) was reported only for the degradation rates of the fraction b (c) of DM of the sugar cane silages evaluated in the in situ assay (Table 4 ). The addition of cassava byproduct and soybean hull to the sugar cane silage containing L. buchneri increased the degradation rate of the roughage for bubaline; but for bovines it was not observed. These byproducts present high digestibility; however, for bovines, the degradation rate of the silage with cassava byproduct was 48.1% slower than the silage with inoculate -not presenting a chemical and/or biological explanation for this fact. Nevertheless, these results did not influence the ED of DM for this treatment, for the solid passage rate of 0.05/h, which was superior to the others (Table 5) The authors conclude that the microbial population that lives in the rumen of the bubaline seems to be more efficient in the colonization of vegetal cells and may degrade more rapidly the feed fractions. However, in the present study, higher degradation rate of the fraction b for buffaloes was observed only for silage with cassava and silage with inoculate + soybean hulls in relation to bovines; silages with inoculate and inoculate + urea presented similar values of degradation.
There was higher insoluble and potentially degradable (U) fraction of the NDF for the silage with inoculate in bovines and buffaloes (Table 5 ). The superiority of the sugar cane silage with addition of soybean hull is related to the composition of the fraction of the cell wall of the soybean that presents high digestibility (Van Soest, 1994) . With regard to the species, Franzolin & Franzolin (2000) did not observe any difference for the fraction (U) of NDF between bovines and bubaline fed on in natura sugar cane and observed means of 544.8 g/kg.
The treatments presented difference with regard to the degradation rate of the fraction U (c) of the NDF; degradation of the silage with inoculate + cassava byproduct was slower in relation to the silage with inoculate + soybean hulls in 27% for bovine and 66% for buffaloes; intermediary values were observed for the silage with inoculate and inoculate + urea, which did not present any difference from the others. The addition of soybean hull increased the degradation rate of the NDF while the addition of cassava byproduct meal reduced this rate probably because of the carbohydrates present in the residuals that interfered in the results. Soybean hull presents high level of digestible NDF (high level of pectin) and its fermentation in the rumen does not produce lactic acid (Hatfield & Wiemer, 1995 , cited by Nussio et al., 2006 , making the maintenance of the ruminal pH easy, which could provide a more suitable environment for cellulolytic microorganisms. On the other hand, the cassava byproduct meal with high level of starch and high ruminal degradation (Zeoula & Caldas Neto, 2001 ) may produce ruminal pH, which is harmful to cellulolytic bacteria.
The highest fraction a solution of DM -regardless of the species -was for the silage control + inoculate + cassava byproduct (P<0.05) in relation to silages with inoculate, inoculate + soybean hulls and inoculate + urea, which did not present differences (Table 6 ). The smallest level of NDF and consequently higher level of non-fibrous carbohydrates was present in the treatment with inoculate + cassava byproduct (Table 1) . Cassava is characterized by having high levels of non-structural carbohydrates, especially starch.
The silage with inoculate + soybean hulls presented higher (P<0.05) fraction of degradation b of DM in relation to the other treatments, which did not show any difference. In an assay of in situ degradation of the DM of sugar cane silage with citric pulp, Silveira et al. (2002) observed values close to the ones of the present research for fraction b (40.83 g/100 g).
The increases in the level of DM provided by the agroindustrial byproducts resulted in higher potential and effective degradability of DM (0.02/h) for inoculate + cassava byproduct and inoculate + soybean hulls in relation to inoculate only and inoculate + urea. With regard to the solid passage rate (0.05/h), there was higher effective degradability of DM (P<0.05) for inoculate + cassava byproduct, followed by inoculate + soybean hulls and lower values for treatment with inoculate only and inoculate + urea. The lowest levels of NDF and ADF of silage control + inoculate + cassava byproduct ( Table 5 -Estimation of kinetic parameters effective degradability of neutral detergent fiber (NDF) of sugar cane silages with different additives in bovine and buffaloes present in the cassava byproduct meal (Zeoula & Caldas Neto, 2001 ) may have contributed to such results, which are close to those observed in IVDDM for treatment with inoculate + cassava byproduct (0.543), which was superior to silage with inoculate only (0.413). Thus, in both assays (in situ and in vitro), the silage with inoculate and silage with inoculate + urea that presented higher levels of lignin and silica (Table 3) also presented lower values of digestibility of DM. Similarly, in the study of in vivo digestibility, there was higher total digestibility of DM for the silage with inoculate + soybean hulls in relation to the other diets (Maeda, 2007) .
The addition of urea did not cause differences in ED of DM between silages with inoculate and inoculate + urea as observed in the different passage rates. For 0.05/h, the values observed for ED of DM were 43.49 g/100 g vs. 44.97 g/100 g for inoculate and inoculate + urea. These results are close to those observed by Schmidt et al. (2007) -44 .3 g/100 g vs. 49.2 g/100 g -for sugar cane silage treated with Lactobacillus buchneri and for sugar cane silages with addition of 0.5% of urea in the fresh forage -which did not show any difference.
Higher values ED of NDF (concerning the passage rate of 0.02 and 0.05 /h) were observed for treatment with inoculate + soybean hulls in relation to the other treatments. The ensilage with foods that contain pectin -such as citric pulp and soybean hull -proportionate high degradation of NDF probably because of the high nutritional value of the pectin, which is completely fermented in the rumen with high fermentation rate (Van Soest, 1994) .
Conclusions
The addition of Lactobacillus Buchneri to the sugar cane silage increases the aerobic stability and the addition of urea to the sugar cane silage increases the in vitro digestibility of the DM. However, there is no positive synergism in the association of Lactobacillus Buchneri and urea to the sugar cane silage. The addition of agroindustrial byproducts (soybean hull and cassava byproduct) in sugar cane ensilages with L. buchneri increases the nutritional value of this roughage, regardless of the species -bovines or buffaloes. Uppercase letters compare the means in the rows between the experimental diets, and the lowercase letters compare the means in the rows between the species. Means followed by different letters differ by the test of Tukey (P<0.05). CV = coefficient of variation. Table 6 -Soluble fraction a and degradable potential b, degradation rate of the fraction b (c), potential degradability (PD) of dry matter (DM) and effective degradability (ED) of DM and NDF of sugar cane silages with different additives for the passage rates of 0.02 and 0.05/h in bovines and buffaloes
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